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By Edward C. Polhamus, W i l l i a m  J. Alford, Jr., 
and Gerald V. Foster 
A variable-wing-sweep airplane having a double-inboard-pivot wing has been 
t e s t ed  a t  low subsonic speeds and at  a Mach number of 2.20 t o  determine the aero- 
dynamic charac te r i s t ics  of this type of configuration. 
consists of a main wing and a fore  wing, each pivoted within the fuselage i n  such 
a manner that unbroken leading and t r a i l i n g  edges are provided i n  both the low- 
and high-sweep posit ions.  
s t a b i l i t y  with wing sweep angle f o r  the  double-pivot wing was similar t o  that of 
an outboard-ppfvot wing and considerably less than that of a single-inboard-pivot 
wing investigated i n  combination with the  ident ical  fuselage and t a i l  arrangement. 
The t o t a l  change i n  s t a t i c  margin due t o  increase i n  sweep of this wing from 
25.00° t o  n.5O0 and an increase i n  Mach number from 0.23 t o  2.20 amounted t o  
ll percent of the  mean aerodynamic chord of the  71.50° swept wing. 
the double-pivot -wing configuration provided be t t e r  longitudinal, directional,  and 
l a t e r a l  s t a b i l i t y  at high angles of a t tack than the outboard wing-pivot arrange- 
ment tes ted  on the same airplane model. 
The double-pivot wing 
"he results indicate that the variation of longitudinal 
A t  l o w  speeds 
INTRODUCTION 
I n  order t o  provide d a t a  necessary f o r  the  design of airplanes capable of 
combining good subsonic and supersonic aerodynamic efficiency, the National 
Aeronautics and Space Administration i s  investigating various methods of applying 
the  variable-sweep-wing concept. Most of the  various schemes that have been pro- 
posed can be grouped i n to  two categories: those that have the  wing-sweep pivot 
located within the fuselage (referred t o  as inboard pivots) and those that have 
the  pivot outside the fuselage i n  the wing (referred t o  as outboard pivots).  The 
advantages of the  inboard pivot are that suff ic ient  s t ruc tura l  depth i s  available 
t o  withstand the  a e r o m c  loads, and essent ia l ly  unbroken leading edges are 
provided. 
center shift with the wing sweep that requires e i the r  fore-and-aft t r a r s l a t ion  of 
The main disadvantage of the  inboard pivot i s  the  large aerodynamic- 
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the wing or excessive control deflection- 
aerodynamic-center movement can be minimized; however, there are certain dis- 
advantages'such as the limited structural depth for the pivot and the broken 
leadimg edge for l o w  sweep which gives rise to stability problems at high lift. 
The aerodbamic characteristics of configurations representative of both inboard- 
and outboard-pivot arrangements have been reported in references 1 to 6. 
With the outboard pivot, the 
The results of preliminary studies made in an attempt to combine the advan- 
tages af the inboard- and outboard-pivot arrangements indicated that a configura- 
tion employing two pivots located within the fuselage should provide: adequate 
structural depth; an unbroken wing leading edge in both the high- and low-sweep 
positions, yhich would tend to eliminate the high-lift longitudinal instability 
generally associated with the outboard-pivot wings in the low-sweep position 
(refs. Land 2); and essentially the same level of longitudinal stability at a 
given Ma7ch number for both the low-sweep and high-sweep wing positions. 
I 
In order to investigate further the characteristics of a double-pivot 
arrangement, airplane models with a main wing and a fore wing, each pivoted within 
the fuselage, were fabricated. 
made at subsonic speed (Mach number of 0.23) in the Langley 7- by 10-foot tran- 
sonic tunnel and at supersonic speed (Mach number of 2.20) in the Langley 4- by 
herein and the stability characteristics of the double-inboard-pivot arrangement 
are compared with those of outboard-pivot and single-inboard-pivot arrangements. 
An aerodynamic investigation of the models was 
I 
I 4-foot supersonic pressure tunnel. "he results of the investigation are reported 
The forces and moments are referred to the body-axis system except for the 
lift and drag, which are referred to the wind axes (fig. 1). 
are based on the geometric characteristics of the wing in the 71.30' sweep posi- 
tion. 
configurations and sweep positions. The coefficients and symbols are defined as 
follows : 
A l l  coefficients 
The moment-reference point was at fuselage station 36.08 inches for all 
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Pitching moment 
Fitching-moment coefficient, -- - qsc 
ac, 
3% 
longitudinal-stability parameter, -
tail-effectiveness parameter, % 
ait 
yawing-moment coefficient , Yawing moment 
3% 
as directional -st abiii-ty pa=aeter ,  - 
lateral-force coefficient, Lateral force 
a c Y  
aB lateral-force parameter, 
local chord 
?-- mean aerodynamic chord, 
bag 
horizontal-tail incidence, positive when trailing edge is down, deg 
lift 
free-stream Mach number 
free-stream dynamic pressure, $@2 
wing area 
free-stream velocity 
spanwise distance 
angle of attack, deg 
angle of sideslip, deg 
3 
.............. . e.. 0 .  
:: . . . . . . . . . . . . . . . .  0 : :  0 : :  m z r ) b i * :  0 : : :  f- ........................ 
horizontal- ta i l  dihedral  angle, posi t ive when t i p  i s  up, deg rt 
A sweep angle of wing leading edge, deg 
h taper r a t i o  
P mass density of air  
DESCRIPTION OF MODELS 
The models were  representative of twin-engine a t tack  airplanes and some two- 
view drawings are  presented i n  figures 2 and 3 .  
dynamic character is t ics  of the  double-pivot wings with the  outboard- and inboard- 
pivot wings on a consistent basis ,  the  same fuselage and v e r t i c a l - t a i l  combination 
as used i n  reference 2 was employed. The configuration designations used herein 
are an extens ion  of those used i n  reference 2; thus, the  present models a re  
referred t o  as configurations 111, N, and N - A .  
I n  order t o  compare the  aero- 
The sweptback wing (A = 71.50°) of configuration I11 ( f i g .  2) w a s  sized and 
I n  the  low-sweep (25.00') posit ion the  leading edge of t he  main wing of 
located t o  approximate the 75' wing of configuration I (outboard pivot)  of refer- 
ence 2. 
configuration I11 i s  approximately 2 inches f a r the r  forward than the  outer wing 
panel of configuration I. To invest igate  t h e  e f f ec t  of wing longitudinal loca- 
t ion,  t he  low-sweep wing was moved rearward 2 inches and the  resu l t ing  model i s  
referred t o  as configuration IV ( f i g .  3 ) .  
f igurat ions I11 and N was ident ica l  t o  t h a t  used i n  reference 2. For configura- 
t i on  IV, the e f f ec t  of hor izonta l - ta i l  dihedral  angle w a s  a l so  studied. Configu- 
ra t ion  IV-A ( f ig .  3,  dashed ta i l )  u t i l i z e d  the same wing as configuration N but  
the horizontal t a i l  of SN-A was more highly swept, was located f a r the r  af t  on the  
fuselage, and had approximately two-thirds as much exposed area as t h a t  of con- 
f igurat ion N. These a l te ra t ions  were made i n  an attempt t o  improve the  match of 
the  low-sweep wing and horizontal- ta i l  contributions i n  order t o  provide l i nea r  
pitching-moment var ia t ions with l i f t  coeff ic ient .  For the  25.00° swept wing of 
configuration IV-A, t he  e f f ec t s  of a leading-edge chord extension were studied. 
The horizontal  t a i l  used on both con- 
The wing a i r f o i l  section w a s  i den t i ca l  t o  that of the  outer panel of con- 
f igura t ion  I of reference 2; t h a t  is, an NACA 65~006 section pa ra l l e l  t o  the  plane 
of symmetry with the  wing i n  the 2 5 O  leading-edge-sweep posit ion.  
The operation of the  double-pivot arrangement can bes t  be described with the 
a i d  of figure 4, which shows photographs of configuration N with the wing i n  three 
sweep positions. 
with the main-wing pivots located a t  approximately the  40-percent-chord s t a t ion  
and the  fore-wing pivots located near the  i n l e t  l i p .  
sweep position the f o r e  wing i s  re t rac ted  within the fuselage. 
i s  swept back, the fore  wing begins t o  emerge (center photograph of f i g .  4) and 
when the  71.50° sweep posit ion of the  main wing i s  reached, the fore  wing i s  
fu l ly  extended and forms a s t ra ight  leading edge (bottom photograph of f i g .  4 ) .  
The top photograph shows the  wing i n  the  25.00° sweep posit ion 
With the  wing i n  the  25.00° 
As the  main wing 
4 
7 
In,addition t o  providing a continuous high-sweep leading edge, the l i f t i n g  surface 
of the  extended fore  wing tends t o  of fse t  t h e  rearward shift i n  wing aerodynamic 
center r e l a t i v e  t o  the  a i r c r a f t  center of gravity caused by the sweep of the main 
wing. 
a r b i t r a r i l y  chosen. The e f f ec t s  of changing the fore-wing sweep angle from 81.50 
t o  7 6 O  f o r  configuration IV ( f i g .  3) with the  main wing a t  the intermediate sweep 
angle of 48.25O were also investigated i n  the  present study. 
It should be noted that the sweep-angle program of the f o r e  wing can be 
, 
TESTS AND CORRECTIONS 
I 
I The subsonic investigation was made i n  the Langley 7- by iG-foot t ra i sonic  
tunnel at  a dyna.mic pressure of 75 lb/sq f t ,  corresponding t o  a Mach number of 
0.23 and a Reynolds number per foot of approximately 1.65 x 10 . 
an atmospheric tunnel with the  upper and lower wal ls  s lo t t ed  longitudinally. 
corrections a re  necessary f o r  jet-boundary induced upwash or blockage i n  the 
I 6 This tunnel i s  
N o  
' s lo t ted  tes t  section with models of t h i s  s ize .  
The supersonic tests w e r e  made i n  the Langley 4- by 4-foot supersonic pres- 
sure tunnel a t  a Mach nuuiber of 2.20, a stagnation pressure of 1,008 lb/sq f t ,  
and a stagnation temperature of 100° F. The corresponding Reynolds number was 
1.38 X 106 per foot .  The stagnation dewpoint was maintained suf f ic ien t ly  l o w  
(-25O or  less) t o  avoid condensation e f f e c t s  i n  the t e s t  section. 
The models were s t ing  mounted t o  reduce support interference, and the forces 
A photograph and moments w e r e  measured with a six-component strain-gage balance. 
of one of t he  configurations mounted on the s t ing support i n  the Langley 7- by 
10-foot transonic tunnel i s  shown as figure 5.  
at tack and s ides l ip  were corrected f o r  the  deflection of the s t i ng  and balance 
under load, t he  base pressure was measured and the  drag adjusted t o  correspond t o  
free-stream s t a t i c  pressure a t  the base, and the in t e rna l  duct drag was measured 
and subtracted from the  t o t a l  drag. No sting-interference corrections have been 
applied t o  t he  data except that a p a r t i a l  correction f o r  s t i ng  interference i s  
inherent i n  the  base-pressure correction. 
with No.  100 carborundum grains. 
I n  both tunnels the angles of 
Transition was f ixed on a l l  surfaces 
PRESENTATION OF RESULTS 
The bas ic  data are presented i n  figures 6 t o  25 and some of the  more perti- 
nent results are s-ized i n  f igures  26 and 27. 
ular portion of the bas ic  data, the  following t ab le  i s  presented: 
A s  an aid i n  locating a past ic-  
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DISCUSSION 
Subsonic Characteristics 
An examination of the basic data to determine the effect of wing sweep-angle 
variation on the longitudinal aerodynamic characteristics (figs. 6, 10, and 17) 
indicates that the most desirable variation of pitching-moment coefficient with 
lift coefficient was obtained for configuration IV (fig. 10) in that the nonline- 
arities encountered were smaller and generally occurred at higher lift coeffi- 
cients than for either configurations I11 or IV-A (figs. 6 and. 17, respectively). 
In general, wing-sweep variation produced the same values of the lift-curve slope 
for configurations I11 and IV. For configuration IV-A the lift-curve slopes were 
approximately 1 3  percent less, throughout the sweep range, than for the other con- 
figurations. 
approximately 10, 8, and 6 for sweep angles of 23.00°, 48.25', and 71.50°, 
respectively. 
approximately 2 1  percent at 25.000 sweep and by 10 percent at 7l.5Oo sweep. The 
reduction in lift-curve slope and increase in lift-drag ratios are the result of 
the smaller horizontal-tail area of configuration IV-A. 
The maximum lift-drag ratios for configurations I11 and N were 
For configuration IV-A the maximum lift-drag ratios were higher by 
2 
At constant angle of attack the horizontal-tail effectiveness parameter Cmi t 
was essentially constant throughout the sweep range for all configurations. 
configurations I11 (figs. 7, 8, and 9 )  and IV (figs. 11, 12, and 13), the tail 
For 
6 
effectiveness was essentially the same when the appropriate reference areas and 
ch%rds are considered. 
effect on tail effectiveness. 
decrease in tail volume due to the decrease in tail area and increase in tail 
sweep caused a reduction in the tail effectiveness. 
tigated the tail effectiveness appears sufficient to provide trim throughout the 
usable lift-coefficient range. 
This fact indicates that wing location had no appreciable 
For configuration N - A  (figs. 18, 19, and 20), the 
For all configurations inves- 
The effect of changing the fore-wing sweep angle for an intermediate main- 
wing sweep angle (A = 48.25') is shown in figure 14 for configuration IV. 
comparison, the effect of removing the fore wing is also included. The only 
significant result of the decrease in the fore-wing sweep angle is the destabi- 
For 
l iz i I lg  effect &Le to the incre..sed WPB &e& sf the zF-e=t-reference pint. 
Changing the horizontal-tail dihedral angle of configuration IV from 0' 
(fig. 10) to -20' (fig. 15) had no effect other than to accentuate the instability 
occurring at the higher lift coefficients for the 71.50° swept wing. 
The addition of a leading-edge chord extension to the 25.00' swept wing of 
configuration IV-A provided sizable increases in lift coefficient and lift-drag 
ratio for angles of attack between loo and 16O (fig. 21). 
The lateral characteristics of configuration N - A  shown in figure 22 indicate 
that this configuration is directionally stable throughout the angle-of-attack 
range investigated. The configuration becomes increasingly stable, at the higher 
angles of attack, as the wing sweep angle is increased. The same observations 
are applicable to the lateral stability as indicated by the effective-dihedral 
-cw 
Supersonic Characteristics 
A comparison of the results for the 71.50' sweep condition of configura- 
tion IV (fig. 23) and configuration IV-A (fig. 25) indicates that the effect of 
the tail planform is negligible at M = 2.20 
are identical. 
tests are comparable, it is interesting to note that the maximum lift-drag ratios 
for the 71.50° sweep have decreased from approximately 6.6 at 
to 5.0 at (fig. 25), whereas the lift-drag ratio for the intermediate 
wing sweep (fig. 24) is about 4.3 since for this sweep the wing leading edge is 
supersonic. A s  would be expected, the longitudinal-stability parameter &/&, 
has increased negatively, compared with the subsonic value, and is approximately 
-0.20 for the 48.25O sweep angle (fig. 24) and -0.19 for the 71.50° sweep angle 
(fig. 25). 
in that all longitudinal results 
Inasmuch as the Reynolds numbers for the subsonic and supersonic 
M = 0.23 (fig. 17) 
M = 2.20 
Stability Characteristics of Different Wing-Pivot Arrangements 
For comparing the stability characteristics of the double-pivot arrangement 
with the inboard- and outboard-pivot arrangements of reference 2, configuration N 
of the present study was chosen inasmuch as it provided the most desirable varia- 
tions with lift coefficient and angle of attack. 
7 
h 
Figure 26 presents the  var ia t ion Of s t a t i c  margin k, with wing sweep 
posit ion f o r  configuration IV and, for  comparison, configurations I and I1 of 
reference 2. The dashed curves between the extreme sweep posit ions f o r  configu- 
ra t ion  I were obtained from unpublished results f o r  the same wing on a s l igh t ly  
d i f fe ren t  fuselage. 
data are given for the  fore wing i n  three posit ions:  basic  (81.30), completely 
ret racted ( o f f ) ,  and extended t o  a greater degree (swept 7 6 O )  than the  basic .  
These three conditions represent various sweep scheduling of the  fore wing re la -  
t i v e  t o  the main wing. The data i l l u s t r a t e  the  degree t o  which the fore  wing 
might be used t o  control the s t a t i c  margin during the  sweep t r ans i t i on  or f o r  
f l igh t  a t  intermediate sweep posit ions.  The r e s u l t s  i n  f igure  26 indicate tha t  
the double pivot l i m i t s  the  s t a b i l i t y  var ia t ion t o  a considerably greater degree 
than the s i n g l e  inboard pivot and i s  qui te  similar i n  effectiveness t o  the out- 
board pivot .  
t i on  and the 71.50° sweep posit ion i s  only 4 percent of the mean aerodynamic 
chord of the 71.50° wing, and the  additional increase associated with an increase 
i n  Mach number t o  2.20 ( f i g .  23)  i s  approximately 7 percent. Thus, the  overal l  
increase i n  s t a t i c  margin between the model with low sweep a t  low speed and the 
model with 71.50° sweep a t  
, 
For configuration IV with the main wing swept 48.25O, t a i l -on  
The overal l  increase i n  s t a t i c  margin between the  25.00° sweep posi- 
M = 2.20 i s  only about 11 percent E .  
I n  order t o  assess f u l l y  the s t a t i c  s t a b i l i t y  of the  double-pivot wing f o r  
subsonic speeds, i t s  character is t ics  throughout the l i f t - coe f f i c i en t  range must be 
considered. Figure 27, therefore, presents the  longitudinal, d i rect ional ,  and 
lateral  s t a b i l i t y  character is t ics  throughout the  l i f t - coe f f i c i en t  or angle-of- 
a t tack  range f o r  the  high- and low-sweep posit ions of the  double-pivot wing of the 
present investigation and, f o r  comparison, the  corresponding charac te r i s t ics  of 
the outboard-pivot wing of reference 2. Regarding the longitudinal s t a b i l i t y  
character is t ics ,  the  advantage of the double pivot i n  avoiding the  discontinuous 
or broken leading edge i n  the low-sweep posit ion can be seen i n  the f a c t  t h a t  
whereas the outboard-pivot wing exhibited a pitchup, the s t a b i l i t y  of the 
double-pivot wing gradually increased with increasing l i f t  coeff ic ient .  The 
double-pivot wing should therefore allow considerably more leeway with regard t o  
horizontal- ta i l  ve r t i ca l  location and wing-airfoil  camber or  leading-edge devices. 
For the  high-sweep posit ion the  double-pivot wing exhibi ts  a l o s s  i n  s t a b i l i t y  a t  
the higher l i f t  coefficients;  however, under normal conditions the  a i r c r a f t  would 
not be operating at low speeds with the  wing i n  t h i s  position: 
The d i rec t iona l -s tab i l i ty  results CnP 
t ion  i n  direct ional  s t a b i l i t y  occurs a t  considerably higher angles of a t tack  with 
the double-pivot wing. The improvement f o r  t he  low-sweep case i s  probably due t o  
the elimination of the highly swept inner panel of the outboard-pivot wing which 
would tend t o  induce unfavorable sidewash on the t a i l  a t  moderate and high angles 
of a t tack.  
outboard displacements of the wing leading-edge separation vortex and the reduc- 
t i on  or elimination of the cross-flow separation vortex t h a t  or iginates  i n  the 
region of the in le t  duct f o r  configuration I of reference 2, as the fore  wing of 
the present study a l so  or iginates  a t  the i n l e t  duct. 
i n  f igure 27 indicate  t h a t  the reduc- 
The improvement a t  the  high-sweep posit ion may be associated with 
Improvements i n  the  lateral  s t ab i l i t y ,  as indicated by the  var ia t ion of the  
effective-dihedral -parameter 
8 
-CzP with angle of attack, are evident fo r  the 
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double-pivot wing i n  both the high- and low-sweep posit ions ( f i g .  27). 
e e a t e s t  improvement i s  f o r  the  25.00° sweep posit ion and i s  due t o  the improve- 
ment i n  the flow on the outer wing panel associated with the elimination of the 
high-sweep fo re  wing, which presumably induce& la rge  upwash angles on the outer 
wing panels and thereby caused flow separation a t  the highest angles of a t tack.  
The 
CONCLUDING RENARKS 
The aerodynamic charac te r i s t ics  of a variable-sweep configuration with a 
double-pivot wing have been investigated at  low subsonic and supersonic speeds. 
Th_e ~ z r h t i n n  nf longitudinal s t a b i l i t y  with wing sweep angle f o r  the double- 
pivot wing was similar t o  t h a t  f o r  an outboard-pivot wing and considerably less 
than that f o r  a single-inboard-pivot wing investigated i n  combination with the 
iden t i ca l  fuse lage- ta i l  arrangement. The t o t a l  change i n  s t a t i c  margin due t o  
increase i n  sweep of the wing from 25.00° t o  71.50° and increase i n  Mach nuniber 
from 0.23 t o  2.20 amounted t o  ll percent of the mean aerodynamic chord of the 
71.50° swept wing. 
tudinal,  d i rect ional ,  and l a t e r a l  s t a b i l i t y  a t  high angles of a t tack than the 
outboard wing-pivot arrangements t e s t ed  on the same airplane model. 
A t  low speeds the double-pivot wing provided be t t e r  longi- 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., September 19, 1962. 
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Figure 1.- System of axes used, showing the positive direction of 
forces, moments, and angles. 
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Figure 2.- Details of configuration 111. A l l  dimensions are in inches 
unless otherwise indicated. 
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Figure 3.- Details of configurations IV and IV-A (IV-A represented by 
dashed t a i l ) .  A l l  dimensions are i n  inches unless otherwise indicated. 
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Figure 4.- Photographs of configuration IV 
L-62-7017 
at three sweep positions. 
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Figure 6.- Effect of wing sweep angle on subsonic longitudinal aerodynamic 
characteristics of configuration 111. T't = 0'; it = 0'; M = 0.23. 
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Figure 6.- Concluded. 
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Figure 7.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration I11 with 
rt = 0’; M = 0.23. 
A = 25.00°. 
t 
18 
-.4 -.2 0 .2 .4 6 .8 lo l2 14 
CL 
Figure 7.- Concluded. 
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Figure 8.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration I11 with A = 48.25'. 
rt = oo; M = 0.23.  
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Figure 8.- Concluded. 
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Figure 9.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration I11 with A = 71.50°. rt = oo; M = 0.23. 
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Figure 9.- Concluded. 
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Figure 10.- Effect of wing sweep angle on subsonic longitudinal aerodynamic 
characteristics of configuration IV. rt = 0'; it = 0'; M = 0.23. 
24 
-4  -.2 0 .2 4 .6 .8 LO L 2  14 
CL 
Figure 10. - Concluded. 
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Figure 11.- Effest of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration IV with A = 25.00'. 
rt = 00; M = 0.23.  
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Fi,.;ure 11. - Concluded. 
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Figure 12.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration IV with A = 48.25'. 
rt = oo; M = 0.23. 
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Figure 12.- Concluded. 
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. Effect of horizontal-tail deflection on subsonic longitudi 
lmic characteristics of configuration N with A = 71.50'. 
M = 0.23. 
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Figure 13. - Concluded. 
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Figure 14 .- Effect of fore-wing sweep angle on subsonic longitudinal 
A = 48.23'. aerodynamic characteristics of configuration IV with 
rt = oo; M = 0.23. 
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Figure 14. - Concluded. 
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Figure 15.- Effect of wing sweep angle on subsonic longitudinal aerodynamic 
it = 0'; M = 0.23. characteristics of configuration N with l?t = -2OO. 
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Figure 15. - Concluded. 
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Figure 16 .- Subsonic longitudinal aerodynamic characterZstics of body 
and t a i l  components of configurations I11 and N. M = 0.23. 
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Figure 16. - Concluded. 
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Figure 17.- Effect of wing sweep angle on subsonic longitudinal 
l?t = 0'; aerodynamic characteristics of configuration IV-A.  
it = Oo; M = 0.23. 
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Figure 17. - Concluded. 
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Figure 18.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration IV-A with 
rt = 0'; M = 0.23. 
A = 25.00°. 
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Figure 18.- Concluded. 
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Figure 19.- Effect of horizontal-tail deflection on subsonic longitudinal 
aerodynamic characteristics of configuration IV-A with 
I' 
A = 48.23'. 
- 0'; M = 0.23. t -  
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Figure 19.- Concluded. 
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Figure 20.- Ef fec t  of h o r i z o n t a l - t a i l  d e f l e c t i o n  on subsonic long i tud ina l  
aerodynamic c h a r a c t e r i s t i c s  of configuration IV-A with A = 71 .50°. 
rt = oo; M = 0.23. 
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Figure 20. - Concluded. 
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Figure 21.- Effect of a leading-edge chord extension on subsonic 
longitudinal aerodynamic characteristics of configuration IV-A.  
A = 25 .00~ ;  rt = 00; it = 0'; M = 0.23. 
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Figure 21. - Concluded. 
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Figure 22.- Effect of wing sweep angle on subsonic lateral characteristics 
of configuration I T - A .  I't = Oo; it = 0'; M = 0.23. 
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Figure 23.- Supersonic longitudinal aerodynamic characteristics of 
configuration IV. A = 71.5Ooj I't = 0'; M = 2.20. 
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Figure 24.- Effect of horizontal-tail deflec 
i t ,  deg 
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tion on supersonic longitudinal 
aerodynamic characteristics 
rt = oo; M = 2.20. 
of configuration IV-A with A = 48.25'. 
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Figure 25.- Effect of horizontal-tail deflection on supersonic longitudinal 
aerodynamic characteristics of configuration IV-A with A = 71.50°. 
rt = 0'; M = 2.20. 
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Figure 27.- Cqarison of low-speed stability characteristics of outboard-pivot 
(configuration I of ref. 2) and double-inboard-pivot configurations. 
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